Associations between depressive symptoms, dysfunctional eating behaviors and attitudes, higher food intake and body mass index (BMI) have been previously observed. However, few studies have assessed these variables in the same study. The first objective is to compare, in a natural setting environment, the profile of women reporting lower or higher levels of depressive symptoms in terms of food intake, eating behaviors and attitudes, and BMI. The second objective is to test mediational models for which the link between depressive symptoms and food intake would be mediated by eating behaviors and attitudes or BMI. Weight-preoccupied women were recruited (n = 323), and their level of depressive symptoms was assessed using the Beck Depression Inventory. The median score was used to create two groups (lower ≤ 13; higher > 13). A web-based foodfrequency questionnaire, the Three-Factor Eating Questionnaire, and the Intuitive Eating Scale were completed. BMI was calculated from reported body weight and height. Compared to women with a lower level of depressive symptoms, those with a higher level of depressive symptoms reported a higher energy intake (p = 0.02), and a higher consumption of savoury foods (p = 0.02). These women also had higher scores of disinhibition (p < 0.0001) and susceptibility to hunger (p = 0.0002), ate less intuitively (p < 0.03), and had a higher BMI (p = 0.005). Association between depressive symptoms and energy intake was mediated by disinhibition, susceptibility to hunger and eating for physical rather than emotional reasons, while the role of BMI was less clear. Regarding another component of food intake, association between depressive symptoms and consumption of savoury foods was mediated by disinhibition and eating for physical rather than emotional reasons. In summary, it seems essential to be aware of the presence of depressive symptoms and J. Maltais-Giguère et al. 2803 to pay attention to eating behaviors and attitudes in interventions among weight-preoccupied women.
Introduction
Since more than one decade, the World Health Organization reported an increased prevalence of obesity, which has a major impact on physical and psychological health as well as public health implications [1] . In Canada, 29.5% of women are overweight and 23.6% are obese [2] . In accordance with the thin ideal model promoted by our North American society, preoccupation about weight is widespread, especially among women, as they are more likely to attempt to lose weight or to attempt to maintain their weight than men [3] . Depression is also an emerging clinical concern with regards to weight-related problems. In comparison to both non-obese men and women, overweight and obese women are more prone to report depression concurrently to their weight problems, suggesting that an association is observed between obesity and depression, and that this association could be more typically feminine [4] - [7] . The literature also supports that the association between obesity and depression could be bidirectional [4] [6] [8] . In fact, women who report higher depressive symptoms presented a higher body mass index (BMI) [9] - [15] , and a higher waist circumference [10] compared to those with lower depressive symptoms. Overall, these results indicate the presence of significant associations between depressive symptoms and BMI, and women appear to be more vulnerable than men. Nevertheless, all overweight and obese women do not necessarily report depressive symptoms, which underline the need to identify other factors that could be associated with depression.
Apart from significant associations with anthropometric measures [16] - [23] , eating behaviors and attitudes have also been associated to depressive symptoms. The presence of depressive symptoms has been positively associated with specific eating psychopathology [24] , as well as to dysfunctional eating behaviors and attitudes [10] [15] [25] [29] , as assessed by the Three-Factor Eating Questionnaire (TFEQ). For example, depressive symptoms have been associated with disinhibition [25] - [28] , emotional susceptibility to disinhibition (a subscale of disinhibition) [10] , emotional eating [15] [29] , susceptibility to hunger [25] [27] [28] , but not with cognitive dietary restraint [25] [26] [28] . In addition, cluster groups formed on the basis of lower and higher negative affect (defined as low self-esteem and high depressive symptoms) have shown that women characterized by a higher negative affect ate more after a negative mood induction than the lower negative affect group, suggesting that these women could be more vulnerable to overeating [30] . While questionnaires, such as the TFEQ, are assessing the presence of dysfunctional eating behaviors and attitudes (pathology-focused), it could be of interest to better characterised adaptive eating behaviors and attitudes that can positively contribute to health (health-focused). Accordingly, the Intuitive Eating Scale (IES) has been developed to assess factors related to intuitive eating. Intuitive eating is defined as eating based on physiological hunger and satiety cues rather than external and emotional cues [31] . While intuitive eating has been negatively associated with BMI [31] [32], less is known regarding its association with depressive symptoms.
In addition, some studies have shown that the presence of depressive symptoms was associated with less healthy food choices [10] [29] [33]- [37] . For example, depressive symptoms have been associated with a higher consumption of sweet and non-sweet energy-dense foods and a lower consumption of vegetables and fruits [10] . The association between depressive symptoms and the consumption of sweet foods although became non-significant after adjustment for emotional susceptibility to disinhibition [10] . This finding indicates that particular eating behaviors and attitudes could mediate the association between depressive symptoms and food intake. In another study [29] , emotional eating was associated with higher consumption of sweet-and-fatty energy-dense snacks. However, these associations were stronger in women with depressive symptoms compared with those without depressive symptoms [29] . These results thus underline the need to extend our scientific knowledge by identifying factors that may be involved in the association between depressive symptoms and food intake.
In sum, to our knowledge, associations between depressive symptoms, food intake, eating behaviors and attitudes, and BMI have not been often assessed within the same study, and limited data exist about which factors may influence depressive symptoms. From a clinical standpoint, it is important to empirically document the process that leads to higher food intake, and to conduct this in a natural setting environment that represents what the majority of women seeking for treatment are doing. In that context, the present study aims at assessing the associations between depressive symptoms, food intake, eating behaviors and attitudes, and BMI in natural setting among women. The first objective is to compare the profile of women who reported a lower level of depressive symptoms to those reporting a higher level in terms of food intake, eating behaviors and attitudes, and BMI. The second objective is to test mediational models for which the link between depressive symptoms and food intake is mediated by eating behaviors and attitudes or BMI.
Material and Methods

Participants
The study was conducted among a sample of 326 women who voluntarily agreed to participate in the research project and who were recruited in the province of Quebec, Canada. All women included in this study were aged 18 and over and were seeking help for weight-related problems in health and social service centers in Quebec (CSSS). They were referred to the Choisir de maigrir? (CdeM?) program [38] , which is based on a "Health-AtEvery-Size" (HAES) approach [39] . Considering the natural setting of the present study and the fact that the intervention was occurring outside of the researchers' control, no stringent inclusion or exclusion criteria were determined. However, three women were excluded from the analyses because they were pregnant, for a remaining total of 323 participants. Each woman who participated in the study had to complete several questionnaires evaluating depressive symptoms and eating behaviors and attitudes. After returning these questionnaires by mail, they were invited to complete a web-based food-frequency questionnaire to evaluate food intake. For the analyses related to food intake, nine women were excluded because the delay between the completion of their first questionnaires and the web-based food-frequency questionnaire was too long (i.e., more than 45.4 days, which corresponds to more than two standard deviations from the mean). We thus considered that these women have been too much exposed to the CdeM? program by the time they completed the food-frequency questionnaire. Prior to their participation to the study, each woman signed an informed consent document which was approved by the Agence de la santé et des services sociaux de Montréal Research Ethics Committee.
Study Design
Women who participated in the present study were recruited during four phases (September 2010, January 2011, March 2011, and September 2011), in which the same assessment and intervention were performed. This paper does not present any results from the intervention part of the study but only results obtained from baseline measurements.
Measures
Depressive Symptoms
The Beck Depression Inventory-II (BDI; 21 items) [40] measures the intensity of depressive symptoms. Each item is scored on a 4-point Likert scale ranging from 0 to 3, and then summed. A higher score indicates higher depressive symptoms. The clinical cut-offs of the BDI are as follow: 0 -13: minimal; 14 -19: mild; 20 -28: moderate; ≥29: severe depressive symptoms. The BDI presents a high internal consistency and an adequate validity [40] .
Food Intake
Self-reported dietary intakes were assessed by a self-administered web food-frequency questionnaire (FFQ; 136 items) [41] . This questionnaire evaluates food intake over the last month. Participants were first asked to recall the frequency of consumption of an individual food item or group of foods with similar characteristics in terms of day, week or month. Answer choices offered between eight and nine continuous responses ranging from "never" to "four or more times per day". Participants had also to select a portion size (two to four different sizes).
The Nutrition Data System for Research (software version 4.03, Food and Nutrient Database 31, Minneapolis, MN, USA) and the Canadian Nutrient File (CNF, version 2007b, Ottawa, ON, Canada) were used to create a food composition database for the analysis of data derived from the web-FFQ. Then, these databases were used to calculate total energy (kcal), lipids (% energy), proteins (% energy), carbohydrates (% energy) and alcohol (% energy) intakes. Two food groups were also formed: savoury foods (i.e. french fries; potato and corn chips; crackers; pizza; poutine; corndog; egg and imperial rolls; parmesan fondue; popcorn; pretzels) and sweet foods (i.e. frozen yogurt, ice milk and sorbet; ice cream, ice cream bars and sundae; chocolate; candies; cookies; cake and brownies; pie; doughnuts; other pastries). These foods groups were formed by calculating the mean daily consumption of each food item in the respective group. The web-FFQ presents satisfying validity and good reproducibility for assessing nutrient intakes [41] .
Eating Behaviors and Attitudes
Attitudes and behaviors related to eating were measured by two validated questionnaires. The Three-Factor Eating Questionnaire (TFEQ; 51 items) [42] assesses three factors that refer to cognitions and behaviors associated with eating. These factors are cognitive dietary restraint, disinhibition and susceptibility to hunger. Cognitive dietary restraint (21 items) is a conscious control of food intake with concerns about shape and weight. Disinhibition (16 items) is an overconsumption of food in response to a variety of stimuli associated with a loss of control on food intake. Susceptibility to hunger (14 items) refers to food intake in response to feelings and perceptions of hunger. The response format of the TFEQ is varied with yes/no questions and 4-point Likert scale. A higher score indicates higher level in each subscale. This questionnaire is validated [42] - [44] , and presents good criterion validity, test-retest reliability and predictive validity [42] .
The Intuitive Eating Scale (IES; 21 items) [31] assesses three factors that refer to the concept of intuitive eating. These factors are unconditional permission to eat, eating for physical rather than emotional reasons, and reliance on internal hunger and satiety cues. Unconditional permission to eat (9 items) assesses the willingness to eat when physiologically hungry and in accordance with food that is desired at the moment. Eating for physical rather than emotional reasons (6 items) refers to the tendency to eat to satisfy an internal hunger drive rather than to cope with emotional fluctuations and/or distress. Reliance on internal hunger and satiety cues (6 items) refers to the degree of awareness of internal hunger and satiety signals and the ability to use these signals to guide eating behavior. The response format is a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). A higher score indicates higher level of intuitive eating. The IES factors present good internal consistency and a 3 weeks test-retest reliability [31] .
Anthropometric Measurements
Height and body weight were reported by the participants and BMI was then calculated. For a subgroup of women (n = 151), height and body weight were also measured by the health professionals who were leading the CdeM? program, and BMI was calculated. A Spearman's correlation was conducted between the reported and the measured BMI. The use of the reported BMI for the analyses of this study is justified by the number of data available for this variable (n = 321) and by the strong correlation (r = 0.92; p < 0.0001) observed between the two BMI measures.
Statistical Analyses
For the first objective, the median score of the BDI was used to create two groups of depressive symptoms: lower (≤13) and higher (>13) levels. Univariate analyses of variance (ANOVA) were performed to assess the differences between these two groups in terms of food intake and BMI. To assess the difference in terms of eating behaviors and attitudes between women with a lower level of depressive symptoms to those reporting a higher level of symptoms, a multivariate analysis of variance (MANOVA) was conducted. In line with the second objective, Pearson's and Spearman's correlation analyses were performed to assess the associations between depressive symptoms (independent variable), food intake (dependent variable), eating behaviors and attitudes (mediator), and BMI (mediator). To evaluate the mediating role of eating behaviors and attitudes or BMI in the association between depressive symptoms and food intake, series of regression analyses were conducted as proposed by Baron and Kenny [45] . Three conditions were necessary to conclude to a mediational association: 1) the independent variable (depressive symptoms) significantly predicted the mediator (eating behaviors and attitudes or BMI); 2) the independent variable (depressive symptoms) significantly predicted the dependant varia-ble (food intake) and 3) the entry of the mediator (eating behaviors and attitudes or BMI) in the regression equation completely (full mediational model) or substantially (partial mediational model) reduced the strength of the link between the independent variable (depressive symptoms) and the dependant variable (food intake). For variables not normally distributed, a log transformation was performed (ANOVA and MANOVA) or Spearman's correlation analyses were performed. The probability level for significance used for the interpretation of all statistical analyses was set at an alpha level of p ≤ 0.05. All analyses were performed by using SAS statistical software (version 9.2, SAS Institute, Cary, NC, USA).
Results
Characteristics of women included in the study are presented in Table 1 . Participants' mean age was 50.3 ± 11.9 years. The BMI range of 22. , n = 65). The mean level of depressive symptoms was 15.6 ± 11.3 (range of 0 to 49), which correspond to the presence of mild depressive symptoms according to the clinical cut-offs of the BDI [40] . The mean energy intake was 2548.1 ± 1123.7 kcal and the proportion of lipids, proteins, carbohydrates and alcohol was 35.8 ± 6.0%, 17.4 ± 3.1%, 45.4 ± 6.9% and 1.4 ± 2.3%, respectively. Individuals from each level of education and familial income were represented in the study. Table 2 presents the means for food intake, eating behaviors and attitudes, and BMI of women with lower or higher levels of depressive symptoms. Compared to women with a lower level of depressive symptoms, those with a higher level of depressive symptoms reported a higher energy intake and a higher consumption of savoury foods. No significant difference was observed for the proportion of lipids, proteins and carbohydrates and for the consumption of sweet foods. Eating behaviors and attitudes were also significantly different between lower and higher levels of depressive symptoms (F = 6.49; p < 0.0001). More precisely, disinhibition and susceptibility to hunger scores were higher among women with a higher level of depressive symptoms, while cognitive dietary restraint score was not different between groups. Women with a higher level of depressive symptoms also ate less intuitively, i.e. they gave themselves less unconditional permission to eat, they ate less for physical reasons and more for emotional reasons, and they relied less on their hunger and satiety cues. Finally, women with higher level of depressive symptoms also reported a higher BMI.
Analyses were performed to evaluate the mediating role of eating behaviors and attitudes in the association between depressive symptoms and food intake. In accordance with the required conditions of Baron and Kenny (as described in the Section 2.4. Statistical Analyses), we were allowed to test six models. Significant results for the five models retained are shown in Table 3 . The addition of disinhibition as a mediator had a full effect on the association between depressive symptoms and energy intake, decreasing the β coefficient from 0.17 to 0.09, a 48.6% reduction (Sobel test = 2.95, p = 0.003), with an overall percentage of explained variance of 7% for the final model. The addition of susceptibility to hunger as a mediator had a full effect on the association between depressive symptoms and energy intake, decreasing the β coefficient from 0.17 to 0.11, a 33.8% reduction (Sobel test = 2.41, p = 0.02), with an overall percentage of explained variance of 6% for the final model. The addition of IES-Eating for physical rather than emotional reasons as a mediator had a full effect on the association between depressive symptoms and energy intake, decreasing the β coefficient from 0.17 to 0.10, a 44.2% reduction (Sobel test = 2.80, p = 0.005), with an overall percentage of explained variance of 7% for the final model. The addition of disinhibition as a mediator had a partial effect on the association between depressive symptoms and consumption of savoury foods, decreasing the β coefficient from 0.24 to 0.17, a 27.4% reduction (Sobel test = 2.41, p = 0.02), with an overall percentage of explained variance of 8% for the final model. The addition of IES-Eating for physical reasons rather than emotional reasons as a mediator had a partial effect on the association between depressive symptoms and consumption of savoury foods, decreasing the β coefficient from 0.25 to 0.19, a 23.0% reduction (Sobel test = 2.20, p = 0.03), with an overall percentage of explained variance of 8% for the final model. The addition of susceptibility to hunger as a mediator had no effect on the association between depressive symptoms and consumption of savoury foods, because the Sobel test was not significant (p = 0.10).
Analyses were also performed to test whether BMI could mediate the associations between depressive symptoms and food intake. In accordance with the required conditions of Baron and Kenny (as described in the Section 2.4. Statistical Analyses), we were allowed to test two models. Significant result for the model retained is shown in Table 4 . The addition of BMI as a mediator had a partial effect on the association between depressive symptoms and energy intake, decreasing the β coefficient from 0.17 to 0.13, a 22.8% reduction (Sobel test = 1.98, p = 0.05), with an overall percentage of explained variance of 10% for the final model. The addition of BMI as a mediator had no effect on the association between depressive symptoms and consumption of savoury foods, because the Sobel test was not significant (p = 0.06).
Discussion
The present study aimed at evaluating, in a natural setting environment, the link between depressive symptoms, food intake, eating behaviors and attitudes, and BMI among a group of weight-preoccupied women. With regards to food intake, results showed that the presence of a higher level of depressive symptoms was associated with overconsumption of food, as noted by higher energy intake and higher consumption of savoury foods. Our results are among the first to show a significantly positive association between depressive symptoms and energy intake. These results are also concordant with the literature, as associations between depressive symptoms and less healthy food choices have been previously demonstrated [10] [29] [33]- [37] . For example, depressive symptoms have been associated to more calories for each gram of food and beverages consumed [35] , and to higher consumption of fast-food [33] , sweet-and-fatty energy dense snacks [29] and non-sweet energy-dense foods [10] . However, unlike previous results from Konttinen et al. [10] , the consumption of sweet foods was not significantly different between women with lower and higher levels of depressive symptoms. Cultural differences, which may explain the disparity in the foods used to create the groups based on the FFQ analysis (e.g. sweet and savoury foods in the present study conducted in the province of Quebec, Canada vs. sweet and non-sweet foods in the study of Konttinen et al. [10] conducted in Finland), could be suggested as an explanation for this difference. In accordance with our findings, the presence of depressive symptoms has been previously associated with higher levels of disinhibition [25] - [28] , Table 3 . Summary statistics for multiple regression analyses predicting energy intake and savoury foods with eating behaviors and attitudes as a mediator (n = 242).
Predictors
Dependent variables β t-value (Sig) R [28] . The subscales of the Intuitive Eating Scale were all negatively associated with the level of depressive symptoms, which suggested that women with higher level of depressive symptoms, or presenting a lower psychological well-being [31] , ate less intuitively. This novel result could be explained by the fact that women with higher depressive symptoms may have difficulties to rely and trust themselves. In fact, some symptoms measured by the BDI are associated with indecisiveness, guilt, concentrating difficulty, low self-confidence and low self-efficacy [40] . Finally, a higher BMI was also observed among women with higher levels of depressive symptoms, which is in line with what has been noted previously in the literature [9] [15].
Overall, findings from this study showed that women with higher level of depressive symptoms were characterised by a more deleterious nutritional profile and a higher BMI compared to women with lower level of depressive symptoms. The associations observed thus stress the importance to better understand which factors may be related to depressive symptoms. The second objective of this study was to assess the mechanisms by which depressive symptoms were linked to food intake by examining eating behaviors and attitudes or BMI as potential mediators. Our results showed that the association between depressive symptoms and energy intake was directly (full effect) explained by disinhibition and susceptibility to hunger, and by a lower tendency to eat for physical rather than emotional reasons. Our results also showed that the association between depressive symptoms and consumption of savoury foods was directly and indirectly (partial effect) explained by disinhibition, as well as by a lower tendency to eat for physical rather than emotional reasons. While the models proposed only explain a small percentage of the variance and that other factors are possibly involved in the associations between depressive symptoms and food intake, results from this study suggest that specific eating behaviors and attitudes played an important role in these associations. Accordingly, results from Konttinen et al. [10] have suggested a mediating role of emotional susceptibility to disinhibition in the association between depressive symptoms and consumption of sweet energydense foods. However, this mediating role was not observed for the consumption of non-sweet energy-dense foods [10] . By using mediational models, our natural-setting study reinforced that particular eating behaviors and attitudes could be part of the mechanisms through which depressive symptoms are related to food intake among weight-preoccupied women. Considering this, weight-control strategies that mainly focus on energy-restricted diets, without addressing eating behaviors and attitudes, may be less effective. Interventions should rather focus on eating behaviors and attitudes, by reducing disinhibition and susceptibility to hunger and by increasing eating for physical rather than emotional reasons, in order to facilitate a better regulation of energy intake and improve food choices.
Our results also showed that the association between depressive symptoms and energy intake was directly and indirectly (partial effect) mediated by BMI, while no mediating effect of BMI was observed for the consumption of savoury foods. Note that the mediational effect of BMI on energy intake became non-significant when women with a normal BMI (between 18.5 and 24.9 kg/m 2 ; n = 7) where excluded from the analysis (data not shown). This result indicates that the role of BMI in the association between depressive symptoms and energy intake is less predominant, particularly among overweight and obese women. To our knowledge, no study has yet assessed the mediating effect of BMI on the associations between depressive symptoms, energy intake and consumption of savoury foods. Nevertheless, Crawford et al. [33] observed that the adjustment for BMI (in addition to other variables such as age, race, education, and income) did not affect the positive association between depressive symptoms and consumption of fast-food, which is clearly in line with our results. Another study showed that the association between depressive symptoms and consumption of non-sweet energy-dense foods was significant despite the adjustment for BMI [10] . In summary, eating behaviors and attitudes, more than BMI, are possibly involved in the associations between depressive symptoms, energy intake and consumption of savoury foods. These findings therefore questioned the relevance of weight-centered interventions among overweight and obese women who are presenting depressive symptoms, as interventions should not only focus on weight loss.
Limitations and Strengths
Some limitations of our study need to be mentioned. First of all, because of the cross-sectional design of the study, no causal link could be established. Therefore, the mediational models that have been assessed remain theoretical, and the causal link between all the variables should be examined using a longitudinal design. The relatively low percentages of explained variance obtained with the models may also limit the implication of the results. Secondly, the presence of a delay between the completion of the first questionnaires and the web-based food-frequency questionnaire was a limit of our study. Ideally, all the questionnaires should have been completed at the same time, but it was not feasible due to methodological constraints. Another limit was the use of self-reported measures to assess depressive symptoms, food intake, eating behaviors and attitudes, and BMI, which may be influenced by potential social desirability bias. On the other hand, this study has also some strengths. For example, the number of participants was relatively high. The combination of more than one questionnaire to assess eating behaviors and attitudes allowed us to make a more complete picture of these variables. In fact, the use of the Intuitive Eating Scale was an advantage, since this recent questionnaire allowed us to eva-luate a relatively new concept, which assessed an adaptive eating, compared to more dysfunctional eating behaviors and attitudes as assessed by the TFEQ. The finding that women with higher depressive symptoms ate less intuitively was a novel and interesting result, which provides a better understanding of the nutritional profile of weight-preoccupied women. Finally, the fact that the study was conducted in a natural setting gave a more representative profile of women who are seeking for help with regards to weight management.
Conclusion
In conclusion, findings from this study suggest that the presence of depressive symptoms among weight-preoccupied women is prevalent and is associated with deleterious nutritional profile and higher BMI. Thereby, it seems essential to be aware of the presence of depressive symptoms and to adapt the interventions accordingly. These results also suggest that the associations between depressive symptoms and food intake are mediated by specific eating behaviors and attitudes. From a clinical viewpoint, focusing only on reducing caloric intake or consumption of unhealthy foods, without addressing eating behaviors and attitudes, may not be adequate nutrition strategies among these women. In contrast, improvement in eating behaviors and attitudes by identifying pathways that lead to overeating could improve food choices among weight-preoccupied women presenting depressive symptoms, which could then be more beneficial for long term overall health.
